Background/Objectives: In 2002, the prevalence of overweight and obesity, defined by body mass index (BMI), was higher in New Zealand Māori (40%) and Pacific (60%) than in European (24%) children; however, this does not take into account interethnic differences in body composition. This study compared trajectories Results: Body composition and growth in Māori children is different from European children. Over 2 years, the BMI and %BF s.d. scores in both 5-and 10-year-old cohorts increased more in Māori children than in European children. The prevalence of overweight and obesity also increased within ethnicity and age group. The relative change of FMI and FFMI differed by age group, gender and ethnicity. In Māori girls, the magnitude of the changes between 10 and 12 years of age was most marked-the major contribution was from an increase in FMI. At 12 years, the mean %BF of Māori girls was 31.7% (95% confidence interval (CI): 30.1 and 33.3) compared with that of European girls (28.0%; 95% CI: 27.0 and 29.0). Conclusions: FM and FFM measures provide a more appropriate understanding of growth and body composition change in children than BMI, and vary with gender and ethnicity. Thus, FMI and FFMI should be tracked and compared among populations.
Introduction
Across the lifespan in New Zealand, there are clear disparities in health outcomes and body size differences between Māoris and Europeans: early stage obesity is evident in more Māori children of preschool age (Blair et al., 2007; Ministry of Health, 2008) . Such obese children and adolescents already show signs of metabolic change (Cali and Caprio, 2008) , highlighting the need for early preventative action. However, any action, requires identification of both the early prediction factors and the critical periods for intervention (Lawlor and Chaturvedi, 2006) . Gender and ethnic disparities in body composition have been found in crosssectional studies of New Zealand children (Rush et al., 2009 ). The most recent child nutrition survey (Ministry of Health, 2003a) showed the prevalence of overweight and obesity to be significantly higher in Māori (40%) and Pacific (60%) children compared with their European counterparts (24%). This ethnic disparity in body size corresponds with a greater risk of premature illness and mortality in later life (Ministry of Health, 2003b) . Obesity is also more prevalent among both children and adults living in more deprived areas (Ministry of Health, 2003b; Ministry of Health, 2008) . As the Waikato region of New Zealand shows high levels of deprivation (Craig et al., 2008; Graham et al., 2008) , the Waikato District Health Board, in 2004, invested in a region-wide through-school nutrition and activity programme, entitled 'Project Energize;' to reduce the prevalence of obesity, cardiovascular risk factors and improve bone health in local schoolchildren.
Overweight and obesity are generally defined using the body mass index (BMI). This measure, although simple, belies variable degrees of adiposity, muscle and bone. Traditionally, the growth trajectory of a child has been plotted against age on gender-specific centile charts using BMI, weight and height. More recently, fat percentage for age, measured by bioimpedance, has been introduced as a means to assess growing adiposity in individual children (McCarthy et al., 2006) . Body fat percentage is derived from the determination of fat free mass (FFM) by bioimpedance and fat mass (FM) from body weight minus FFM. These two measures can be divided by height squared to give indices (FM index, FMI and FFM index, FFMI; VanItallie et al., 1990) , which provide more information about the contribution of fat and muscle mass a person is carrying, standardised for height. A chart method of showing relationships among BMI, percentage body fat (%BF), FMI and FFMI was proposed by Hattori et al. (1997) and has been used to show that the change in BMI with age may be disproportionately due to changes either in FM or FFM at different time points (Wells, 2000) . To date, however, no research has been undertaken in New Zealand to confirm the development of childhood obesity on the basis of using measures that specifically quantify BF and muscle mass. As 9% of New Zealand children aged 5-14 years live in the Waikato region, and 31% are Māori (compared with the national average of 22% (Craig et al., 2008) , the authors felt that this area (the Project Energize catchment region) could assess whether the rate of change of BF and FFM differed between Māori and European children. The aim of this report was to compare the rate of change of body mass with composition indices over 2 years between Māori and European children initially aged 5 and 10 years.
Subjects and methods
Project Energize was initiated in 2004 for around 11 000 children in 62 urban and rural schools from varying socioeconomic status neighbourhoods. To evaluate the programme, a randomised controlled trial was undertaken from 2004 to 2006, based on children aged either 5 or 10 years in 2004. A full description of methodology is published elsewhere (Graham et al., 2008, Waikato District Health Board and the Waikato Clinical School, 2008) , but briefly before the programme, 124 schools were randomised to be either a control school (n ¼ 62) or to receive the intervention (n ¼ 62). The study presented here investigates changes over the 2 years in body mass and composition indices, and compares all participating Māori and European children. The outcomes of the intervention are the subject of another paper, and in this analysis we do not compare intervention or control school children who were not different in numbers by age, gender and ethnicity.
Measurements were made in the morning after the child had voided. Height was measured to ±0.5 cm (portable height scale PE087; Mentone Educational Centre, Moorabbin, VIC, Australia), weight measured to ± 0.5 kg (portable electronic scale TIHD316; Wedderburn, Auckland, New Zealand) and on the right side hand-to-foot bioelectrical impedance measured at a single frequency (50 kHz) to ± 5 ohm (Imp-DF50 analyser; ImpediMed, Pinkenba, QLD, Australia). The child was lying still for at least 5 min before the measurements were taken. FFM was calculated using an equation developed and validated in a population comprising Māori, Pacific and European children, using the same instrumentation (Rush et al., 2003 (Freeman et al., 1995) and BF s.d. score using the McCarthy-Cole fat centiles (McCarthy et al., 2006) , determined from European children from Southern England. On the basis of BMI for age, prevalence of thinness, normal, overweight and obesity were determined according to the International Obesity Task Force reference for children (Cole et al., 2007) . Approximately 24 months later (742 ± 23 (range 694-817) days), in 2006, the same children were measured again following the same protocol. Ethnicity was recorded from parental reports, and school socioeconomic status was determined nationally by the government (Ministry of Education, 2007) .
The study was approved by the Waikato (now Northern Y) Ethics Committee, and both the usual caregiver and the child provided signed informed consent.
Statistics
Data for the 5-to 7-year-old and the 10-to 12-year-old children were analysed separately. Baseline and 2-year follow-up data were analysed independently of randomisation, with the intervention taken as a covariate at 2 years in the multivariate analyses. For ease of interpretation and because these data do not attempt to represent a comprehensive survey of New Zealand children, all analyses were unweighted and unclustered. Height, weight, BMI, %BF, FM, FMI, FFM and FFMI measures were right skewed (skewness 41) by a small number of children with relatively high measures, and %BF z-scores were left skewed (skewness oÀ1). However, the skews were minimal and analyses using log10 transformation made no material difference to the results; hence, this study is based on untransformed data. Results are presented as means ± s.d. or with 95% confidence intervals (95% CIs). Differences between gender and ethnicity in cross-sectional anthropometric measurements were assessed by unpaired two tailed t-tests. Changes in measures of body composition (BMI and %BF) over 2 years were assessed uncorrected by the paired t-test and corrected by analysis of covariance, with adjustment for corresponding baseline values, ethnicity, intervention, rurality and school socio economic status. Hattori charts were plotted separately for boys and girls to present independent changes in FFMI and FMI within each age cohort by ethnicity. Data were analysed using SPSS software (version 16, SPSS, Chicago, IL, USA).
Results
In 2004, 2464 children (aged 5 and 10 years) of Māori or European ethnicity were measured. In 2006, 1506 children had follow-up measures. Complete measurements for those who did not change school, and for whom time between measurements was more than 23 months, were available for 1244 children (639 boys and 605 girls). More children (844, 68%) were in the 5-to 7-year-old sample because a greater proportion of the 10-year-old children had changed school by age 12 (in New Zealand, most school children change from a 'Primary' to an 'Intermediate' school around age 11 years). Twenty-eight percent of children studied were of Māori origin.
Baseline characteristics by ethnicity and gender are given in Table 1 . At age 5 years, there is little difference between boys and girls of the same ethnicity, with some evidence that boys tend to have more FFM than girls (or girls have more FM than boys). At age 10 years, this difference in body composition is more marked, although girls and boys of the same ethnicity are still outwardly (height and weight) generally the same. At both 5 and 10 years of age, Māori boys are marginally larger but not taller than European boys. Similarly, at 5 years of age, Māori girls are marginally larger than European girls. But at 10 years of age, there are marked differences, with Māori girls being on average larger than European girls in all measures of body size and composition, although the difference in % BF was not as pronounced as with the other measures. Table 2 shows the ethnic differences in change in size over 2 years measured by age group, gender and ethnicity for BMI and %BF. At 7 and 12 years of age, Māori children are larger on average than European children for both measures. Furthermore, the change over 2 years is mostly greater in Māori than in European children, even when corrected for the baseline ethnic differences and potential demographic confounders. However, the ethnic differences in change are less pronounced in the 12-year-old males. Using the predefined reference-based International Obesity Task Force standards, Māori children had a higher prevalence of overweight and obesity at all time points than their European counterparts, prevalence increased over 2 years and the 10-to 12-year-old cohort had a higher overall prevalence than the 5-to 7-year-olds (Table 3) . Figure 1 shows the pattern of change in body composition for both cohorts over 2 years, separated by ethnicity and gender. A vertical change is a change in FMI and a horizontal change an increase in FFMI. Therefore, the length and slope of the line represent the magnitude and direction of the change, respectively. At all time points, within gender, Māori children had greater FMI and FFMI than European children. In Māori girls, the magnitude of the change between 10 and 12 years of age was most marked-the major contribution was from an increase in FMI. At 12 years of age, the mean BF% of Māori girls was 31.7% (95% CI: 30.1 and 33.3) compared with European girls (28.0%; 95% CI: 27.0, 29.0).
From 5 to 7 years of age, most of the change in body composition involved a relative increase in FM; Māori boys and girls accumulated more FM and FFM than European boys and girls between ages 5 and 7 years. In the 10-to 12-year-old girls, the increments in FMI and FFMI (and therefore BMI) were almost double those in the younger children, but Māori and European boys did not show as marked an ethnic difference in their growth trajectory. Māori and European boys from 10 to 12 years of age showed more increase in FFMI relative to FMI than girls who showed an increase of one unit in FFMI for every two units in FMI.
Discussion
Between 2004 and 2006, clear differences were shown by age, gender and ethnicity in pattern of FM and FFM accumulation, normalised for body height. These results provide a more appropriate understanding of child growth and body composition change (Wells, 2001) for two critical periods of growth; between 5 and 7 years of age and 10 and 12 years of age: the start of school and the onset of puberty. We believe, this is the first report to suggest a clear ethnic difference in the tracking of the accumulation of FM and FFM between Māori and European children. Previously in a cross-sectional survey, a difference in the FM/FFM relation- Analysis of covariance corrected for baseline ethnic differences, and the potential confounders of school socioeconomic status, rurality and Project Energize intervention. There were no significant time Â intervention interactions for any of the ANCOVAs. For these ANCOVAs, the follow-up mean scores in the table are estimated marginal means (also called least-square means), corrected for baseline ethnic differences and are consequently not a meaningful ethnic-specific sample metric.
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ship between Māori and European girls was shown (Rush et al., 2009) , and this report shows more rapid accumulation of FM in Māori boys and girls from 5 to 7 years of age. BMI is often taken as the lingua franca of obesity. Our research builds on research showing that BMI is not universally equivalent to body composition. We show that the body composition elements, which together comprise BMI, vary by age, sex and ethnicity. Critically, we show that by age, sex and ethnicity, those elements vary over time and demonstrate how standards based on European populations may not be suitable for Māori children.
Important questions need to be answered. Primarily, should the goal for children be weight loss relative to height or should we now encourage a reduction in FM and an improvement in function and relative quantity of lean and muscle mass? We also need to consider the relevance of continuing to use such a broad measure of body composition (BMI) in future interventions (Wells, 2001) .
Critical early associations with the development of obesity have been identified, including intrauterine exposure to excess fuel supply (Simmons and Brier, 2000) , the timing of adiposity rebound (Williams and Goulding, 2009 ) and prepuberty (Lawlor and Chaturvedi, 2006) . Others argue that BMI centile-crossing, rather than timing of adiposity rebound, is a more direct predictor of later fatness (Cole, 2004) . Our data reflect the view that adiposity rebound is an inaccurate term, given that the BMI nadir and rise, which defines that term, may reflect varying proportions of FM and FFM change. Further, our data suggest that the body composition changes that occur at the time of 'adiposity rebound', and in the prepubertal period, differ by sex and ethnicity.
This builds on previous work where we have shown in Pacific children that difference between boys and girls in body composition exist from birth and that the weight increase trajectory tracks from birth to 6 years of age (Rush et al., 2010) . In this Pacific cohort, the %BF s.d. score was 2.06 in boys and 1.86 in girls (P ¼ 0.004). In the current study, the older cohort had a period of very rapid growth over the 2-year monitoring period and for older girls in particular, the accelerated growth and fat accumulation was most likely related to pubertal change. Māori girls have been Tracking body mass indices E Rush et al shown to reach puberty earlier than European girls (Ministry of Health, 2003a) ; 53% Māori girls had commenced menarche by 12 years of age, compared with only 36% of European girls. As this is the age group represented in this study, we suggest that this, in part, explains the greater change in both FMI and FFMI seen in Māori girls from 10-12 years of age compared with European girls. Further, the higher fat indices in Māori girls at age 10 years may be driving the earlier onset of puberty in this group (Biro et al., 2006) . Two recent reviews in adults (Fogelholm, 2010) and youth (Steele et al., 2008) conclude that fitness trumps fatnessthat those with a high BMI but good cardiorespiratory fitness have lower metabolic risk than those with a lower BMI who have poor cardiorespiratory fitness. Our data may provide a partial explanation for this, in that BMI does not necessarily represent fatness for individuals and controlling for FM may attenuate the relationship. We will include a fitness test in our next evaluation of Project Energize to explore the effect of FM.
We have followed 5-and 10-year-old cohorts for 2 years and have not interpolated between the 7-and 10-year body composition data. However, if we were to assume that it was valid to do so, this would indicate that there is a latent period between adiposity rebound and puberty, when both FMI and FFMI increased at a similar rate, increasing BMI proportionately faster than %BF.
The strengths of this study include the longitudinal (follow-up over 2 years) design, the strong Māori representation and the relatively high numbers of children measured. There was also no increase in the number of children classified as thin (Hopkins et al., 2009 ). Although we believe that the study provides a useful and valid insight, the data are a secondary analysis of a study primarily designed to evaluate Project Energize; we therefore do not present this study as a comprehensive survey. Limitations include that fewer children were available for follow-up, especially in the 10-to 12-year group and in this same group we had no measure of pubertal progression. A strength of the bioimpedance measurement was that the prediction equation was developed in Māori, Pacific and European children with a wide range of body fatness but it recognised that measurements of BF derived from bioimpedance measures are more applicable to group data rather than individual. We consider the sample size of this study to be insufficient to estimate the individual differences and the influence of other confounders, but, in agreement with other longitudinal studies, the main effects by gender, age (Demerath et al., 2006; Wright et al., 2010) and ethnicity (Eissa et al., 2009) on the relationship between BMI and BF are clear. Between 1991 and 1995 Eissa et al (2009 showed that black girls between age 10 and 12 years increased FMI by one unit, whereas the comparable change in our [2004] [2005] [2006] Māori girls was two units, which may be related to earlier puberty. As in most studies, there is a potential bias of recruitment by differential dropout rates and self-selection because the children who were measured may have different characteristics to those who were not. In addition, in 2003, New Zealand launched a national obesity prevention strategy, with key priorities for lower socioeconomic groups, children and environments (Lancet editorial, 2006; McLean et al., 2009) . Schools were equally exposed to opportunities arising from the implementation of this strategy; hence, it is unlikely to have influenced the differences between gender and ethnicity observed. Furthermore, we believe community-or schoolbased programmes are unlikely to have a profound effect within 2 years of implementation on the average body composition of growing children.
Conclusion
Although BMI is a useful surrogate for body composition of a group, our data suggest in agreement with others that the relationship of BMI to body composition varies through childhood by age, sex (Demerath et al., 2006; Wright et al., 2010) and ethnicity (Eissa et al., 2009 ). What we add to the literature is the marked difference between the growth trajectories of Māori and European children. If validated by other research, and sustained in the longer term, the implications for individual patient care are that BMI concerns should be modulated by an understanding of the patient's body composition and cardiorespiratory fitness. At a population level, more sophisticated measures of body composition such as FMI and FFMI should be measured and compared among sub-populations for monitoring and programme evaluation.
